A toxin variant strain of Clostridium difficile was isolated from two patients with C. difficile-associated disease (CDAD), one of whom died from extensive pseudomembranous colitis. This strain, identified by restriction endonuclease analysis (REA) as type CF2, was not detected by an immunoassay for C. difficile toxin A. Culture supernatants of CF2 failed to elicit significant enterotoxic activity in the rabbit ileal loop assay but did produce atypical cytopathic effects in cell culture assay. Southern hybridization, PCR amplification, and DNA sequence analyses were performed on the toxin A (tcdA) and toxin B (tcdB) genes of type CF2 isolate 5340. Type CF2 5340 tcdA exhibited a 1,821-bp truncation, due to three deletions in the 3 end of the gene, and a point mutation in the 5 end of the gene, resulting in a premature stop codon at tcdA position 139. Type CF2 5340 tcdB exhibited multiple nucleotide base substitutions in the 5 end of the gene compared to tcdB of the standard toxigenic strain VPI 10463. Type CF2 5340 toxin gene nucleotide sequences and deduced amino acid sequences showed a strong resemblance to those of the previously described variant C. difficile strain 1470, a strain reported to have reduced pathogenicity and no association with clinical illness in humans. REA of strain 1470 identified this strain as a distinct type (CF1) within the same REA group as the closely related type CF2. A review of our clinical-isolate collection identified five additional patients infected with type CF2, three of whom had documented CDAD. PCR amplification of the 3 end of tcdA demonstrated identical 1.8-kb deletions in all seven type CF2 isolates. REA type CF2 is a toxin variant strain of C. difficile that retains the ability to cause disease in humans but is not detected in clinical immunoassays for toxin A.
Clostridium difficile is the most important infectious cause of nosocomial diarrhea and is responsible for clinical manifestations ranging from asymptomatic carriage to pseudomembranous colitis and death (3, 12, 13, 26, 35) . Toxigenic C. difficile strains produce two major toxins, toxin A and toxin B. Toxin A has been regarded as the primary virulence factor in C. difficileassociated disease (CDAD) (17, 30) . In in vivo studies of toxins purified from C. difficile strain VPI 10463, purified toxin B was unable to cause disease unless the intestinal mucosa was damaged or toxin A was present (18) . In contrast, purified toxin A was capable of causing disease without the presence of toxin B (18) . From these and other data, toxin A had been postulated to initiate the pathogenic process of CDAD. It has been generally accepted that toxigenic strains produce both toxin A and toxin B whereas nontoxigenic strains lack both toxins (19) .
Toxin variant strains have been discovered which fail to produce detectable toxin A yet produce toxin B. The two best-characterized toxin A-negative, toxin B-positive variants are strain 1470, the reference strain for serogroup F in a well-characterized serogroup typing system (9, 10) , and strain 8864 (14, 31) . Both strains are truncated at the 3Ј ends of their toxin A genes (tcdA), 8864 with a 6.0-kb deletion (27, 28) and 1470 with an approximately 1.7-kb deletion (21) . Both of these strains also possess variations in their toxin B genes (tcdB). The variant tcdB genes produce cytotoxins which demonstrate unusual cytopathic effects (CPE) in cell culture assays which resemble the CPE caused by the lethal toxin (LT) of Clostridium sordellii (31, 33) . The variant toxin B of strain 1470 appears to be a functional hybrid between the LT of C. sordellii and the toxin B of standard C. difficile strain VPI 10463 (6) . In the hamster model of C. difficile disease, strain 8864 was pathogenic (5) but strain 1470 was reported as nonpathogenic (9) . The clinical significance of these toxin A-negative strains is unclear. Strain 8864 was isolated from a patient specimen, but the associated clinical manifestations were not reported (14) . No other isolation of a C. difficile strain with this extensive tcdA deletion has ever been reported. Strain 1470 was isolated from a healthy neonate (9) , and other serogroup F strain isolates, all of which contain genetic alterations similar to those of 1470 (10) , have primarily been associated with asymptomatic colonization in infants and adults (9, 16) .
During a comparison study of a new immunoassay for toxin A with a cell culture assay for C. difficile cytotoxin, we have discovered a toxin A-negative, toxin B-positive C. difficile strain in two patients with unambiguous CDAD, one of whom had fatal pseudomembranous colitis. The isolates (5340 and 5362) were identical by restriction endonuclease analysis (REA) and are designated type CF2 (8) . We tested type CF2 5340 in the hamster model and found that type CF2 was pathogenic by this assay, although it was less virulent in hamsters than C. difficile strains responsible for human epidemics (S. P. Sambol, M. Merrigan, S. Johnson, and D. N. Gerding, Abstr. 99th Gen. Meet. Am. Soc. Microbiol. 1999 Microbiol. , abstr. L-3, 1999 . In this study, we investigate the relationship of REA type CF2 to toxin variant strains 8864 and 1470 using the REA typing system. We examine our collection of Ͼ5,000 patient isolates for type CF2 isolates and report the clinical manifestations of the patients infected with CF2. We also analyze the cytotoxic and enterotoxic activities of type CF2 5340 and 5362 culture filtrates. Finally, we define the variant tcdA and tcdB genes of type CF2 5340 and compare the sequences to those of the standard toxigenic strain VPI 10463, variant strains 1470 and 8864, and the LT gene of C. sordellii.
MATERIALS AND METHODS
Bacterial strains. REA type CF2 isolates 5340 and 5362 were recovered from two patients with CDAD at the Veterans Administration Medical Center in Minneapolis (MVAMC), Minn., in 1993. The additional CF2 isolates 4092, 4139, 4151, 5264, and 5265 were recovered from stool specimens of patients at the MVAMC (Table 1) (9) .
REA. C. difficile strains were inoculated into brain heart infusion (BHI) from a blood agar plate 48-h culture and incubated anaerobically overnight. The DNA was isolated as previously described (8) and then digested with HindIII. The fragments were separated on a 0.7% agarose gel, producing a characteristic banding pattern for each isolate. The pattern of each isolate was visually compared with the patterns of the previously identified REA types in our wellcharacterized library. New isolates which showed six or fewer band differences (a similarity index of Ͼ90%) from an established REA type were placed within the same group (letter designation) as the REA type (8) . Only isolates with identical patterns were assigned the same type (number designation).
Phenotypic assays of toxin variant C. difficile culture filtrates. (i) Production of culture filtrates. For the toxin A immunoassay, rabbit ileal loop assay, and OTF9-63 cytotoxicity assays, bacterial strains were inoculated into 20 ml of reduced BHI broth and incubated anaerobically at 37°C for 3 days. The cultures were centrifuged, and the supernatants were filtered through 0.45-m-pore-size syringe filters. For the human fibroblast cytotoxicity assay, bacterial strains were inoculated into 5 ml of chopped-meat medium and incubated anaerobically at 37°C for 5 days. The supernatants were also filtered prior to being assayed as described above.
(ii) Immunoassay for toxin A. The Tox-A Test (TechLab, Blacksburg, Va.) was used to assay culture filtrates for the presence of toxin A according to the manufacturer's instructions. This assay employs the monoclonal antibody PCG-4 as the detecting antibody and is specific for epitopes of the toxin encoded by the 3Ј end of the tcdA gene.
(iii) Enterotoxicity assay. The enterotoxic activities of culture filtrates were determined in the rabbit ileal loop assay as previously described (15) . One milliliter (each) of culture filtrates from C. difficile type CF2 isolates 5340 and 5362 was injected into ligated ileal loops. Each test loop was separated by an intervening noninjected loop. Positive control loops contained culture filtrate from a standard toxigenic C. difficile strain (REA type G1) or purified toxin A at 10 g/ml. Negative control loops contained culture filtrates from a nontoxigenic C. difficile strain (REA type M3) or BHI. The rabbit was allowed to rest for 18 h and was then sacrificed. Results were expressed as the ratio of the accumulated fluid (in milliliters) over the length (in centimeters) of the loop. Ratios of Ͼ1.0 were indicative of enterotoxic activity.
(iv) Cytotoxicity assays. C. difficile culture filtrates were screened for cytotoxicity in a microtiter assay kit (C. difficile cytotoxicity assay kit; Bartels, Inc., Issaquah, Wash.) which utilized human fibroblasts as the target cells and specific anti-C. difficile antiserum as the neutralizing antibody. Cytotoxicity was also determined for C. difficile culture filtrates using OTF9-63 cells, a mouse teratocarcinoma cell line with increased sensitivity to the CPE of toxin A but also sensitive to toxin B (32) . Test and control samples were assayed in 1-ml aliquots of culture filtrates in serial 10-fold dilutions in 24-well plates containing monolayers of OTF9-63 cells in 1 ml of tissue culture medium. Culture filtrates of a standard toxigenic C. difficile strain (REA type G1) were used as positive controls, and culture filtrates of a nontoxigenic C. difficile strain (REA type M3) and BHI broth were used as negative controls. The cytotoxic titer was reported as the reciprocal of the highest dilution to cause rounding in Ͼ90% of cells at 24 h postinoculation.
(v) Separation of toxins. Toxins were isolated from culture supernatants of C. difficile strains VPI 10463 and CF2 5340 and 5362 over the anion-exchange resin DEAE-Sepharose CL-6B using the methods of Lyerly et al. (20) . The fractions were tested for cytotoxic activity using Chinese hamster ovary (CHO-K1) cells (20) .
Molecular analysis of C. difficile toxin variant genes. (i) Hybridization studies. Total cellular DNA from C. difficile variant type CF2 isolate 5340 and control strains was isolated and digested with HindIII or PstI, and the fragments were separated on a 0.7% agarose gel as described above. The DNA was then transferred to a nylon membrane (Nytran; Schleicher & Schuell, Inc., Keene, N.H.) by the method of E. M. Southern (29) . Portions of the tcdA and tcdB genes were detected with six large genomic probes spanning the major regions of tcdA and tcdB (20) and two oligonucleotide probes, AIP-1 and AIP-2, corresponding to sequences in the tcdA gene from strain VPI 10463 (11) . The positions of the probes relative to tcdA and tcdB are shown in Fig. 1 . The large probes were labeled with [␣-32 P]deoxycytidine triphosphate (NEN, Boston, Mass.) by random priming (Random Primers DNA labeling system; Gibco-BRL, Grand Island, N.Y.), and the oligoprobes were labeled with [␥-32 P]adenosine triphosphate (NEN) using the RTS T4 kinase labeling system (Gibco-BRL). Prehybridization, hybridization, and wash conditions were according to the manufacturer's instructions for the Nytran membrane. Hybridized sequences were detected by autoradiography with Kodak X-Omat AR film at Ϫ70°C for 18 h.
(ii) Preparation of oligonucleotide primers and probes. Oligonucleotide primers were constructed for the purpose of toxin gene segment amplification and DNA sequence analysis. Primers for the 5Ј end of tcdB (3-kb amplicon), the middle of tcdB (2.54-kb amplicon), the 3Ј end of tcdB (2.5-kb amplicon), the 5Ј end of tcdA (4.5-and 1.5-kb amplicons), and the 3Ј end of tcdA (5-and 3-kb amplicons) were designed based on the published toxin gene sequences of strain iai.asm.org VPI 10463 (2, 11) . Nested primers for sequencing the interior of the cloned CF2 toxin gene fragments were designed based on CF2 5340 sequences determined in initial sequencing runs by a chromosome-walking technique. Oligonucleotide probes AIP-1 and AIP-2 were also designed based on the toxin gene sequences of strain VPI 10463 for the purpose of assaying the previously unhybridized portion of CF2 tcdA which lies between sequences hybridized by genomic probes 2382 and 5660 ( Fig. 1 ). The oligonucleotide probe sequences and the primers which generated the toxin gene amplicons described above are listed in Table 2 . The oligonucleotides were commercially prepared by Operon Technologies, Alameda, Calif.
(iii) PCR amplification of toxin gene sequences. Template DNA was isolated from test C. difficile strains as described above. Amplification of toxin gene sequences was carried out using a modification of the method of Cheng et al. (7) . In brief, we amplified 250 ng of template DNA in a reaction mixture of 50 mM KCl, 10 mM Tris-Cl (pH 8.3), 0.01% gelatin, deoxynucleoside triphosphates (200 M each), primers (10 pmol each), 1.8 U of AmpliTaq DNA polymerase (Perkin-Elmer-Roche, Foster City, Calif.), and 0.15 U of Pfu DNA polymerase (Stratagene, La Jolla, Calif.) in the presence of MgCl 2 concentrations empirically determined for each primer pair. The cycling parameters consisted of denaturation at 94°C, annealing at the melting temperature for each primer pair minus 5°C, and extension at 68°C for 2 min per kb of amplicon.
DNA sequencing and analysis. For DNA sequencing, amplicons of CF2 5340 and 5264 toxin gene sequences (Fig. 2) were cloned into PCR-Script Amp vectors (Stratagene) and transformed into Escherichia coli strain XL-10 Blue (Stratagene) with the PCR-Script Amp cloning system (Stratagene) according to the manufacturer's instructions. The sizes of the cloned toxin gene amplicons and their locations in relation to the pathogenicity locus of type CF2 are shown in Fig.  2 . Recombinant plasmids were isolated from transformed colonies by alkaline lysis (23) , purified by phenol-chloroform-isoamyl alcohol extraction, and precipitated with ethanol. The nucleotide pellets were washed with 75% ethanol and then resuspended in nuclease-free H 2 O at 2 mg/ml. Sequencing was performed by the Sanger method of dideoxy-mediated chain termination (24) on an ABI Prism automated DNA sequencer (Perkin-Elmer, Applied Biosystems Division, Foster City, Calif.). All sequence analyses were performed either manually or with sequence analysis software (Sequence Navigator; Perkin-Elmer). Both CF2 5340 tcdA and tcdB sequences were analyzed for homology to the corresponding genes of the standard toxigenic C. difficile strain VPI 10463 and variant strain 1470. CF2 5340 tcdB sequences were also analyzed for homology to the gene for the LT of C. sordellii and to the tcdB gene of variant C. difficile strain 8864. Toxin gene sequences for C. difficile strains VPI 10463 (accession no. X53138 and M30307), 1470 (accession no. Z23277, Y12616, and AJ132669), 8864 (accession no. AF053400), and the LT of C. sordellii (accession no. X82638) were obtained from the GenBank database at the National Center for Biotechnology Information.
Nucleotide sequence accession numbers. The nucleotide sequence and deduced amino acid sequence for CF2 5340 tcdB is available through the GenBank sequence database, accession no. AF217292. The nucleotide sequence and deduced amino acid sequence for the 3Ј end of CF2 5340 tcdA is available through the GenBank sequence database, accession no. AF217291. The nucleotide sequence and deduced amino acid sequence for the 5Ј end of CF2 5340 tcdA is available through the GenBank sequence database, accession no. AF279457.
RESULTS
Index patients. Two clinical C. difficile isolates were identified during a comparative study of diagnostic tests for C. difficile toxins. Patient stool specimens from which these isolates were recovered were negative by immunoassay for toxin A but positive by HEp-2 cell culture cytotoxin assay (25) . The first isolate (no. 5340) was recovered from a 76-year-old man with aortic valvular disease who developed diarrhea with positive stool C. difficile culture and stool cytotoxin assays following surgery and administration of several antibiotics. The diarrhea resolved on specific therapy with oral metronidazole and vancomycin. The second isolate (no. 5362) was recovered from a 71-year-old man with coronary artery disease and severe cardiomyopathy who developed diarrhea during cephalosporin treatment for pneumonia. He was readmitted to the hospital with abdominal pain and distention, decreased bowel sounds, and rebound tenderness on examination. He was thought to have ischemic bowel; therefore, C. difficile disease was not suspected at that time. His abdominal pain and diarrhea worsened, and he suffered a fatal cardiac arrest 4 days after readmission. Autopsy findings demonstrated confluent pseudomembranous colitis, and stools obtained after readmission and prior to death were positive in C. difficile culture and stool cytotoxin assays. REA typing of both isolates revealed identical HindIII restriction patterns, which were designated type CF2.
Restriction endonuclease analysis of toxin variant strains. DNA from variant type CF2 isolates 5340 and 5362 to the HindIII restriction patterns from previously reported C. difficile toxin variant strains showed similarities to strain 1470 but not to strain 8864. Strain 1470 was identical to type CF1 by REA and therefore has more than 90% pattern homology to type CF2 (Fig. 3) . Strain 8864 did not fit within any group previously identified in our REA typing system and has been given the new group and type designation CY1 (Fig. 3) . A review of our clinical C. difficile collection of Ͼ5,000 isolates from the past 17 years identified five additional type CF2 isolates (Table 1) . PCR amplification of cellular DNA from all seven isolates using primers A-u2 and A-d1-b (Table  2) confirmed the presence of the same 1.8-kb deletion at the 3Ј end of tcdA (Fig. 4) . Five of the seven patients found to have CF2 infections had documented CDAD (Table 1) . They were all elderly men, reflecting the population at the MVAMC, where these patients were hospitalized between 1990 and 1993. Patient 1 was transferred from another Veterans Administration hospital in South Dakota and had CDAD on admission to the MVAMC, indicating that this CF2 infection probably originated in South Dakota. Patients 4 and 5 were identified through a surveillance study of enteral feeding and C. difficile infection (4) and acquired type CF2 within 2 days of each other while in the same surgical intensive-care unit, suggesting nosocomial acquisition of these isolates.
Comparison of the
Toxin activity of C. difficile variant type CF2 culture filtrates. Culture filtrates from variant type CF2 isolates 5340 and 5362 were assayed for the presence of toxin A and enterotoxicity by immunoassay and the ileal loop assay, respectively. Both isolates were repeatedly negative by immunoassay. Culture filtrates from both type CF2 isolates failed to produce fluid accumulation responses typical for toxin A in the rabbit ileal loop assay; volume-to-length ratios of 0.09 and 0.08 were recorded for variant type CF2 isolates 5340 and 5362, respectively, whereas ratios of 1.5 and 2.36 were recorded for toxigenic C. difficile type G1 and purified toxin A (10 g/ml in BHI). Ratios of 0.18 and 0.05 were recorded for the negative controls, nontoxigenic C. difficile type M3 and BHI alone. Culture filtrates of variant type CF2 isolates 5340 and 5362 did, however, produce a grossly hemorrhagic viscous mucus in the ileal loops compared to the clear or slightly blood-tinged fluid seen in the negative controls.
Culture filtrates of all type CF2 isolates from our clinical collection (Table 1) were also analyzed for cytotoxicity by cell culture assays. All seven isolates demonstrated CPE in the human fibroblast cytotoxicity assay that were neutralized by the specific anti-C. difficile antisera. Culture filtrates of type CF2 isolates 5340 and 5362 were also tested in the OTF9-63 cytotoxicity assay. They demonstrated cytotoxic titers of 10 in the OTF9-63 assay compared to a titer of 100 for the control toxigenic C. difficile type G1. The cytopathic effects of the CF2 isolates also differed from those of the type G1 control isolate in the OTF9-63 cytotoxicity assay: in response to type CF2 filtrates, target cells were not merely rounded but appeared collapsed and detached from the well and were floating in clumps in the cell culture media.
In addition, separation of toxins from the culture filtrates of CF2 isolates 5340 and 5362 was performed by column chromatography. DEAE-Sepharose column separation failed to elute any toxin from the CF2 culture filtrates in the linear gradient of 0.05 to 0.25 M NaCl, whereas the characteristic toxin A was eluted from strain VPI 10463 in this gradient. In contrast, fractions of CF2 culture filtrates eluted over a linear gradient of 0.25 to 0.6 M NaCl demonstrated cytotoxicity in CHO K1 cells. This elution gradient is identical to the gradient over which toxin B was isolated from strain VPI 10463.
Comparison of C. difficile variant type CF2 isolates and strain VPI 10463 toxin genes by DNA hybridization and PCR amplification. Southern blot analysis of C. difficile variant type CF2 isolate 5340 demonstrated that the majority of tcdA and tcdB sequences are preserved in comparison to strain VPI 10463. All of the probes hybridized with HindIII-restricted cellular DNA from strain VPI 10463 and failed to hybridize to HindIII-restricted cellular DNA from nontoxigenic type M3. All of the large DNA probes specific for the tcdB and tcdA genes of strain VPI 10463 hybridized to HindIII-restricted cellular DNA from variant type CF2 except for probe J66 (specific for the 5Ј end of tcdB). PCR amplifications of the 5Ј region of tcdB from both VPI 10463 and type CF2 5340 were performed to investigate the failure of probe J66 to hybridize to type CF2. Amplicons generated by primers B-u1-b and B-d1-b, which bracket the first 3,000 bp of tcdB, showed no difference in size 
VOL. 68, 2000
CLOSTRIDIUM DIFFICILE TOXIN VARIANTbetween CF2 tcdB and 10463 tcdB, indicating that the hybridization failure of probe J66 was not due to a large nucleotide deletion or insertion in this region. In contrast to the results for CF2 5340 tcdB, probes specific for the 3Ј end of tcdA (5660 and 2382) hybridized with type CF2 5340 HindIII restriction fragments which were approximately 2 kb shorter than the corresponding restriction fragments from strain VPI 10463, suggesting a possible major deletion in CF2 tcdA. Amplification of cellular DNA using primers A-u2 and A-d1-b, which bracket the last 3,000 bp of the 3Ј end of strain VPI 10463 tcdA, confirmed an approximately 1.8-kb deletion in the 3Ј end of CF2 tcdA. Subsequent amplification of a 4.3-kb segment of tcdA immediately upstream from the region recognized by probe 5660 was performed using primers 5AU-2 and 5AD ( Fig. 1) and cellular DNA from type CF2 5340 and strain VPI 10463. This amplification yielded amplicons of 4.3 kb from both type CF2 5340 and strain VPI 10463, indicating that the deletion was downstream from this segment. Oligoprobes AIP-1 and AIP-2, specific for the interprobe region between the large genomic probes 2382 and 5660, hybridized to these amplicons from type CF2 5340 and from strain VPI 10463, implying base homology between VPI 10463 and CF2 in this region.
Southern blot analysis using PstI restriction digests of cellular DNA revealed a genetic alteration toward the 5Ј end of CF2 5340 tcdA. Specifically, a PstI restriction fragment from type CF2 5340 which hybridized to probe 2382, specific for the middle sequences of tcdA, was 500 bp shorter than the corresponding fragment from strain VPI 10463. The previously described PCR amplification of the 5Ј end of type CF2 5340 and strain VPI 10463 tcdA using primers 5AU-2 and 5AD indicated that the discrepancy was not due to a 500-bp deletion in this region of CF2 tcdA. Subsequent restriction of these amplicons with PstI confirmed the presence of an additional PstI site approximately 1,300 bp from the 5Ј end of CF2 5340 tcdA. DNA sequence comparison of tcdA and tcdB from C. difficile variant type CF2 isolates to other clostridial toxin genes. Comparative analysis of the nucleotide sequences of type CF2 5340 tcdB to strain VPI 10463 tcdB sequences showed the presence of multiple nucleotide substitutions throughout CF2 tcdB, with the greatest concentration (320 substitutions) occurring in the first 2,000 bases. We also detected a 13-bp insert approximately 30 bp upstream from the tcdB open reading frame and a 3-bp (1-amino-acid) insert at position 933 of the tcdB open reading frame. Comparative analysis of the deduced amino acid sequences of type CF2 and strain VPI 10463 found 147 differences in the first 1,000 amino acid sequences (Fig. 5) . Analysis of the 147 amino acid variations found 45 of the CF2 variant amino acids to be identical to those in the LT of C. sordellii, whereas 102 of the CF2 variant amino acids were unique to CF2, showing no identity with either strain VPI 10463 or C. sordellii (Fig. 5) . In comparing the tcdB gene of type CF2 5340 to that of strain 1470, there were 16 nucleotide differences and 12 amino acid differences throughout the entire gene, showing 99.8% homology of nucleotide bases and 99.5% homology of amino acid sequences between the two strains. The catalytic domain of tcdB has been defined as the first 1,680 nucleotides, which code for amino acids 1 to 560 (27) . When we compared the deduced amino acid sequence of the catalytic domain of type CF2 5340 tcdB to that of strain 8864, we detected 10 amino acid substitutions in this region, which shows 98.3% homology between the catalytic domains of the tcdB genes of the two strains.
Comparative analysis of type CF2 5340 3Ј tcdA sequences to strain VPI 10463 3Ј tcdA sequences detected three large deletions (a total of 1,821 bp deleted) in this "repeating" region of tcdA (2,562 bp long in VPI 10463 tcdA). This represents a loss of 71% of the nucleotides in this region and an overall loss of 22.3% of the nucleotides in tcdA. Although severely truncated, the 3Ј repeating region of CF2 tcdA still possesses at least one of each of the class I-and class II-type and -subtype regions of repeating DNA sequences found in strain VPI 10463 (2) (Fig.  6 ). Comparative analysis of CF2 tcdA sequences on the 3Ј end to the same tcdA region of strain 1470 showed 99.6% homology of nucleotide bases.
Comparative analysis of the nucleotide sequences of the first 1.5 kb of type CF2 tcdA to strain VPI 10463 tcdA sequences showed occasional point mutations throughout CF2 tcdA, for a total of 1.1% substitutions. One of these substitutions, a C-to-T substitution at tcdA position 139, introduces a premature stop codon identical to that described for strain 1470 (34) . Another base substitution, a C-to-T substitution at tcdA position 1317, created the new PstI site initially detected by Southern hybridization studies. Comparative analysis of the CF2 5340 5Ј tcdA sequences to the same tcdA region of strain 1470 (GenBank accession no. AJ132669) showed 100% homology of deduced amino acids up to the premature stop codon and 99.6% homology of nucleotide bases throughout the 1.5-kb sequence.
DISCUSSION
In this study, we have characterized a toxin A-negative, toxin B-positive strain of C. difficile, REA type CF2, that was responsible for C. difficile-associated diarrhea in five patients, one of whom died of pseudomembrane colitis. Through REA, we have compared type CF2 to the well-characterized toxin variant strains 8864 and 1470 and found that although strain 1470 was closely related to type CF2, strain 8864 was not similar to either variant strain. Previously, there were few data to suggest that strain 8864 or strain 1470, or the related serogroup F isolates, was responsible for human disease (9, 16) . In contrast, variant type CF2 is associated with typical clinical syndromes caused by standard toxigenic strains of C. difficile. Our data and the recent report of an outbreak of CDAD in a Canadian hospital caused by a toxin A-negative B-positive strain of C. difficile (1) emphasize the potential clinical importance of these toxin variant C. difficile strains.
We have previously demonstrated the ability of type CF2 5340 to cause disease in hamsters, although with significantly lower colonization efficiency and mortality than other toxigenic C. difficile isolates (Sambol et al., Abstr. 99th Gen. Meet. Am. Soc. Microbiol. 1999). Pathogenicity in hamsters has also been reported for strain 8864 (5) but not for strain 1470 (9) . Other serogroup F isolates have been reported as nonpathogenic in axenic mice (10) .
Comparative analysis of the nucleotide sequences of the type CF2 5340 tcdB and strain VPI 10463 tcdB sequences showed the presence of multiple nucleotide substitutions throughout CF2 5340 tcdB, with the greatest concentration (320 substitutions) occurring in the first 2,000 bases, which code for the entire catalytic portion as well as the first part of the hydrophobic domain of toxin B (27) . Consequently, the deduced amino acid sequence of the catalytic portion of CF2 5340 toxin B shows only 84% homology with that of strain VPI 10463, whereas comparison of CF2 toxin B to strain 8864 toxin B shows 98.3% homology in this region. Comparison of CF2 5340 tcdB to 1470 tcdB shows greater than 99.5% homology in both nucleotide and deduced amino acid sequences.
Assays for cytotoxicity (primarily an effect of toxin B) demonstrated that CF2 5340 and 5362 culture filtrates produced atypical CPE similar to those described for strains 8864 and 1470 (5, 6, 20) . Although these CPE are atypical for standard C. difficile toxin B, they are typical of the effects of the LT of C. sordellii (6, 33) . Our comparative analysis of the extrapolated amino acid composition of CF2 5340 toxin B to that of VPI 10463 and the LT of C. sordellii has shown that in the first 1,000 amino acids of CF2 5340, there are 147 amino acids which differ from those in VPI 10463. Of those 147 variant amino acids, approximately one-third are identical to those in the LT of C. sordellii and two-thirds differ from both the toxin B of strain VPI 10463 and the LT of C. sordellii. This observation, together with the sequence homology of the tcdB genes of CF2 5340 and 1470, is consistent with the findings of Chaves-Olarte, et al. (6) , who have found the variant form of toxin B in strain 1470 to be a functional hybrid of C. difficile toxin B and the LT of C. sordellii. They demonstrate that 1470 toxin B and the LT of C. sordellii glucosylate similar cellular substrates, including R-Ras, and postulate that R-Ras glucosylation is a key determinant in the cell rounding and detachment seen in the CPE of strain 1470 and C. sordellii.
Bioassays and immunoassays have failed to detect toxin A in CF2 culture supernatants. The ileal loop bioassay for enterotoxicity demonstrated that culture supernatants of type CF2 isolates 5340 and 5362 did not exhibit typical enterotoxic edema but did demonstrate a qualitative difference (hemorrhagic mucus) from the negative controls. This atypical reaction was also demonstrated by Borriello et al. in ileal loop assays of the toxin A-negative, toxin B-positive strain 8864 (5). DEAE-Sepharose chromatography also failed to isolate toxin A from CF2 culture supernatants. We also failed to detect toxin A in type CF2 5340 and 5362 culture filtrates using an immunoassay which employs the monoclonal antibody PCG-4, which is widely used in commercial immunoassays to detect C. difficile toxin A in stool specimens. PCG-4 immunoassays that fail to detect toxin A in variant pathogenic strains such as CF2 5340 will produce false-negative stool test results for patients infected with these toxin variant strains.
The results of these assays suggest that no toxin A is being produced by type CF2 strains, although genetic analyses of the type CF2 tcdAs have shown that more than 77% of tcdA is still present in these strains. The most obvious genetic difference between type CF2 and VPI 10463, a 1.8-kb truncation, occurs in the 3Ј end of the CF2 tcdA gene. We have shown that the loss of 1,821 nucleotides is due to three separate deletions in the 3Ј region of tcdA, which codes for the receptor binding portion of toxin A (2) and for the epitopes recognized by PCG-4. Despite the loss of greater than two-thirds of the sequences in the repeating region of tcdA, we have demonstrated that type CF2 5340 possesses at least one of each of the class I and class II isotypes of repeating DNA sequences found in strain VPI 10463. These data led us to speculate that CF2 tcdA was coding for a variant toxin A (with alterations in the receptor binding portion) that plays an active role in the pathogenic process yet is undetectable by standard bioassays and immunoassays. Recent data, however, indicate that a mutation in the 5Ј end of tcdA of toxin variant strains leads to premature termination of toxin A translation.
Von Eichel-Streiber et al. have shown that serogroup F strain 1470 and two similar strains from serogroup X failed to produce toxin A due to a point mutation at the 5Ј end of tcdA that introduces a premature stop codon at amino acid position 47 (34) . They also demonstrated that the truncated polypeptide encoded by 1470 tcdA lacks enzymatic activity (34) . We sequenced the first 1.5 kb of tcdA in CF2 patient isolates 5264 and 5340 to determine if this point mutation is present in REA type CF2. Both isolates demonstrated the same point mutation, a C-to-T substitution at the same position (tcdA position 139) as was reported for strain 1470. Premature termination of toxin A translation would then account for the failure of bioassays and immunoassays to detect an intact toxin A in CF2 culture supernatants.
We conclude that REA type CF2, like strain 1470, lacks a functional toxin A. This is an intriguing result in light of the association of type CF2 with both human and hamster disease and the reported role of standard toxin A in the pathogenesis of C. difficile disease. The pathogenicity of type CF2 appears to be toxin A independent, leading us to presume that either the variant cytotoxin B acts as the sole pathogenic factor, as postulated by other investigators in previous studies of strain 8864 (20, 27) , or that there is an undefined virulence factor which contributes to pathogenicity. We are conducting further studies to define the virulence factors of type CF2.
In summary, the toxin B gene of type CF2 5340 has a high degree of homology (Ͼ98%) to the toxin B genes of strains 8864 and 1470, and the truncated toxin A gene of CF2 5340 is nearly identical to that of strain 1470. REA typing has also shown a close relationship between type CF2 and strain 1470. In spite of these genetic similarities to strain 1470, type CF2 is pathogenic in hamsters and in humans. Due to the current inability to synthesize artificial genetic constructs of C. difficile, a naturally occurring toxin variant such as type CF2 is a valuable tool with which to elucidate the functions of toxins and their relationship to mechanisms of pathogenicity. Furthermore, the emerging role of toxin variant strains in C. difficile disease in humans, and their ability to escape detection by commercial immunoassays for toxin A, indicates the need to investigate the prevalence of these strains in the clinical setting.
